A-plane free-standing GaN was grown on a-plane GaN templates by HVPE. A-plane GaN templates were grown on r-plane sapphire by MOCVD with multilayer high-low-high temperature AlN buffer layers. A regrowth method was used for growing GaN through HVPE. First, GaN was grown on a-plane GaN templates, followed by separating the a-plane GaN film from r-plane sapphire using LLO. Then, the GaN films were regrown using HVPE. The resulting free-standing GaN contained some voids, which causes to release the stress.
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GaN film crack during cool-down from growth temperature to room temperature. The epitaxial layers of GaN-based devices have the same thermal expansion coefficient with free-standing GaN substrates. Therefore, GaN-based devices grown on free-standing GaN substrates can diminish cracking. In addition to lattice constant of GaN matching with the epitaxial layer of GaN-based devices, it can also reduce the dislocation density. Growing nitride-based devices on GaN substrate can outperform sapphire [2] . Based on our research of using multilayer high-low-high temperature AlN buffer layers for growing a-plane GaN on r-plane sapphire by metalorganic chemical vapor deposition (MOCVD) [9] , we used a-plane GaN film for the non-polar GaN template. We grew a-plane free-standing GaN using hydride vapor phase epitaxy (HVPE) on a-plane GaN templates. The a-plane GaN thick films were grown on a-plane GaN templates using HVPE. GaN were formed by mixing GaCl and NH 3 in HVPE system. The a-plane GaN thick films were used the two step growth methods. The first step, the growth temperature was at 1000℃, and the growth pressure at 100 torr. The growth time was 40 minutes. The second step, the growth temperature was at 1100℃, and the growth pressure at 100 torr. The growth time increased to 120 minutes.
EXPERIMENT
After growth a-plane GaN thick films, we used the laser lift off technique to separate the GaN film and sapphire. The laser is used the 355nm Nd:YAG laser. After laser lift off, the separated a-plane GaN films were call as "free-standing a-plane GaN". Fig.2 presents the optical image of free-standing a-plane GaN. From the image, we can observe the free-standing GaN is not transparent crystal. The result is attributed to the surface is not much smooth. The surface morphology is shown in Fig.3 by SEM images. Figure 2 The optical image of free-standing GaN. Fig.3 shows the SEM images of free-standing a-plane GaN. In the Fig.3(a) , the SEM plane view of a-plane GaN, which shows the stripes are along m-direction. The SEM tile and cross-sectional view are shown in Fig.3(b) , which shows the stripes are along m-direction more obviously. The growth rates in different orientation are +c-(Ga face), a-, mand -c-(N-face) in consequence for GaN. The N-face is a cliff, and the Ga-face is a gentle slope. Owing to the high growth rate in HVPE system, the coalescence in m-direction is more obviously than growth using MOCVD system. In the free-standing GaN surface, we can also observe the V-shape pits on the surface. 
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